We report two cases of deaths resulting from complications of odontogenic infections/submandibular space infections. In one case, the decedent had a history of toothache as well as facial and tongue swelling; autopsy revealed inflammation involving the tongue and larynx. In the second case, the decedent had a history of toothache, and at autopsy there was spread of infection to the mediastinum. Ludwig's angina is a form of submandibular space infection, which often is a result of odontogenic infection. The infection can spread into the deep spaces of the neck, producing complications including edema of the tongue and pharynx (causing airway obstruction), descending mediastinitis, pericarditis, necrotizing fasciitis, pleural empyema, and pneumonia. Gross findings at autopsy might reveal a dental abscess or other forms of infection of the head and neck, necrosis of the neck muscles and larynx, and infrequently, infection extending to the chest cavity. Microscopically, there is acute inflammation with necrosis and/or granulation tissue predominantly within the fascia. Without treatment, submandibular space infections can be life threatening and progression to death can be swift. These cases demonstrate the lethal effects of odontogenic infections. Without a clinical history of toothache or dental abscess, one can be alerted to a possible submandibular space infection by identifying isolated necrosis of the neck musculature. Acad Forensic Pathol. 2018 8(1): 150-169 
INTRODUCTION
Submandibular space infections are often odontogenic in origin. Some complications include Ludwig's angina and less commonly, spread of the infection to the mediastinum. Two cases of decedents who died from complications of odontogenic infections are presented.
Case 1
A 43-year-old male with a history of hypertension was found unresponsive in bed in a hotel room. About a week prior to his demise, a hotel clerk noted that one side of the decedent's face was swollen, and the decedent mentioned suffering from "some kind of skin problem." A hotel staff member also told family members that prior to his death, the decedent complained of a swollen tongue and facial swelling and communicated by writing, as he was not able to communicate verbally. Days before death, he notified his employer that he would take time off due to a toothache. At autopsy, the decedent was in a mild state of decomposition with bloating of the face, abdomen, and scrotum. The subcutaneous and subgaleal tissues of the decedent's right scalp were edematous (Image 1), and the right sternocleidomastoid muscle (SCM) showed green-brown discoloration and softening (Image 2). The buccal aspects of the teeth and the oral mucosa did not appear to be obviously inflamed. The heart was enlarged (450 g) and there was an occlusive, healing thrombus within the left anterior descending coronary artery (Image 3).
Microscopically, there was acute inflammation of the right SCM (Image 4), the tongue (Images 5 and 6), epiglottis (Image 7), and the adventitia of the trachea (Images 8 and 9) . The left anterior descending artery contained a healing thrombus with recanalization and focal hemorrhage and there was fibrosis and mild chronic with focal acute inflammation within the heart (Images 10 and 11). This patient's cause of death was determined to be "complications of submandibular space infection," with other significant conditions contributing to his death as "atherosclerotic and hypertensive cardiovascular disease." The manner of death was natural.
Case 2
A 51-year-old female who had recently been complaining of ongoing jaw pain and swelling secondary to an abscessed tooth was found dead in her armchair one morning. At autopsy, the left cheek mucosa and gingiva of the left side of the mandible were edematous, with necrotic tissue and purulent fluid. The left lower first molar (tooth #19) was absent, the socket was necrotic with purulent fluid, and the left lower second molar (tooth #18) had a deep necrotic cavity (Image 12). There was purulent fluid and necrosis of the anterior musculature and fascial tissues bilaterally (Image 13) and extending into the anterior mediastinum (Image 14). The epicardial surface displayed green discoloration with fibropurulent adhesions.
Microscopically, the gingival tissue and neck musculature showed acute and chronic inflammation with necrosis and granulation tissue (Images 15-17). The heart had bacterial overgrowth, which was prominent along the epicardial surface, and perivascular and interstitial fibrosis. The cause of death was determined to be "sepsis due to an abscessed tooth." The manner of death was natural.
DISCUSSION
Ludwig's angina is a result of a submandibular space infection. Submandibular space infections can result in rapidly expanding cellulitis of the deep spaces of the neck and can cause significant morbidity and mortality (1) (2) (3) (4) (5) . In 1836, Wilhelm Fredrick von Ludwig described this entity and a year later the disease process was named after him (1-7). Ludwig's angina itself is one specific pattern of infection seen in the spectrum of deep neck space infections. The infection can be rapidly progressive, which can lead to inflammation of the tongue, pharynx, and fascial planes of the neck; involvement of any or all of these anatomic areas may lead to respiratory tract infection, airway obstruction, and death.
Descriptions of the submandibular space differ in literature (3, 5, 8) . The submandibular space is essentially from the mucosa of the floor of the mouth superior- 
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ly to the superficial layer of the deep cervical fascia of the inferior mandible to the hyoid bone inferiorly (5, 8) . The submandibular space can be divided into two spaces: the sublingual space, which is superior to the mylohyoid muscle; and the submaxillary space, which is inferior to the mylohyoid muscle (3, 5, 8, 9) . Because the spaces communicate through fascial planes, infection spreads by continuity rather by lymphatics or blood vessels (5, 9-11).
Most authors cite odontogenic infections in the submandibular space as the most common source of infection, with 34-90% of cases being cited as odontogenic in origin (1, 3, (12) (13) (14) (15) (16) . Other sources of infection have been documented and include, but are not limited to, superficial skin infections, penetrating trauma, sialadenitis, foreign bodies in the airway, infections of congenital cysts (e.g., branchial cleft cysts and thyroglossal duct cysts), and underlying malignancies that have become superinfected (1, 3, 5, 13-21). 
Without treatment, complications of submandibular space infections are often life threatening, and progression to death may be swift. Complications are varied and include airway obstruction via progressive edema of the tongue and pharynx, sepsis with or without septic emboli and/or septic shock, Lemierre syndrome (thrombophlebitis of the internal jugular vein), descending mediastinitis, pericarditis, necrotizing fasciitis, pleural empyema or pneumonia, cavernous sinus thrombosis, disseminated intravascular coagulation, carotid artery pseudoaneurysm or rupture, hepatic failure, or acute respiratory distress syndrome (1, 3, 5, 12, (14) (15) (16) (19) (20) (21) (22) . Most commonly, however, life threatening complications arise in the form of airway obstruction (3). The mortality rate for deep neck space infections in general has been reported to range from 0.8-8% (3, 4, 12, 14, 16, 19, 22) , a decrease from rates exceeding 50% due to introduction of antibiotics in the 1940s, improved oral and dental hygiene, and surgical techniques (23) . It should be noted, however, that mortality rates may reach 20-50% in patients with descending mediastinitis as a complication (3, 12) , up to 40% in those with "retrograde spread of infection from the upper dentition or paranasal sinuses," causing cavernous sinus thrombosis (3), and up to 40% in patients with carotid artery erosion (12) .
The vast majority of causative bacterial organisms are polymicrobial in origin; this is mainly due to their nature as being mainly odontogenic in origin. That is, a mixture of normal oral flora and pathogenic flora are nearly always identified as causative organisms in cases of deep neck space infections. It appears that the microbial makeup of submandibular space infections varies based on the geographic location of the population studied and also upon the prevalence of underlying comorbidities, such as diabetes, in a given population. Overall, though, it seems that the most commonly implicated pathogens include viridans group streptococci, Prevotella sp., and group A 
streptococci, all of which are commonly found in the human mouth. There has been noted in the literature a rise in incidence of deep neck space infections with methicillin-resistant Staphylococcus aureus (MRSA) as the causative organism; it is thought that this rise is concomitant with the well-known increasing incidence of infections with MRSA in the general population (3, 5, 21) . There have also been several studies that show an increased presence of Klebsiella pneumoniae as the predominant causative organism in diabetic individuals (5, 15, 16, 19, 21) .
CONCLUSION
In case 1, the history of a toothache was not known until after autopsy examination. Microscopic examination showing necrosis and acute inflammation of the sternocleidomastoid muscle prompted further investigation of the decedent's clinical history prior to death. A possible clue to the presence of a submandibular space infection is the necrotic appearance of the anterior neck muscles, as seen in both of our cases. This should alert the pathologist to take a closer look of the teeth, mouth, or face to search for a source of infection and to submit histological sections of the neck muscles, tongue, and laryngeal tissues to rule out infection as a possible cause of death.
Image 4: Case 1: Right sternocleidomastoid muscle with acute inflammation (H&E, x200).
